fMRI data were realigned to minimise motion-related artefacts (Bullmore et al., 1999b) , and smoothed using a Gaussian filter (full-width half maximum, 8.82 mm). Time-series analysis of individual subject activation was performed using XBAM v4, with a wavelet-based re-sampling method previously described (Bullmore et al., 2001 ).
series at each voxel. A goodness-of-fit statistic (the SSQ-ratio) was then computed at each voxel consisting of the ratio of the sum of squares of deviations from the mean intensity value due to the model (fitted time series), divided by the sum of squares due to the residuals (original time series minus model time series). The appropriate null distribution for assessing significance of any given SSQ-ratio was established using the wavelet-based data re-sampling method (Bullmore et al., 2001) , and applying the model-fitting process to the re-sampled data. This process was repeated 20 times at each voxel and the data combined over all voxels, resulting in 20 null parametric maps of SSQ-ratio for each subject, which were combined to give the overall null distribution of SSQ-ratio. The same permutation strategy was applied at each voxel to preserve spatial correlation structure in the data. Instead of relying on asymptotic distributions such as t or F that assume data normality, we use data-driven, permutation-based methods with minimal distributional assumptions that have been shown to be more suitable for fMRI data analysis in samples sizes similar to the ours (Zhang et al., 2009) . Activation in the choice phase associated with disadvantageous trials was contrasted with activation associated with advantageous trials. Activation in the outcome phase associated with win trials was contrasted with activation associated with loss trials. Individual SSQ-ratio maps were transformed into standard space, first by rigid body transformation of the fMRI data into a high-resolution inversion recovery image of the same subject, and then by affine transformation onto a Talairach template (Talairach and Tournoux, 1988) .
B. Group Level Analysis
A generic activation group map was produced for each experimental condition (choice phase: disadvantageous/advantageous choices; outcome phase: wins/losses), by calculating the median observed SSQ-ratio over all subjects at each voxel in standard space and testing them against the null distribution of median SSQ-ratios computed from the identically transformed wavelet re-sampled (permuted) data (Brammer et al., 1997) . The voxel-level threshold was first set to 0.05 to give maximum sensitivity and to avoid type II errors. Next, a cluster-mass threshold was computed from the distribution of cluster masses in the wavelet-permuted data such that the final expected number of type I error clusters under the null hypothesis was <1 per whole brain. Cluster mass rather than a cluster extent threshold was used, to minimise discrimination against possible small, strongly responding foci of activation (Bullmore et al., 1999a) .
C. Whole-brain Correlation of Brain Activation with Performance
The Pearson product-moment correlation coefficient was first computed at each voxel in standard space between net score and signal change over all subjects. The correlation coefficients were recalculated after randomly permuting the behavioural (but not the fMRI) data. Repeating the second step many times (1,000 times per voxel, then combining over all voxels) gives the distribution of correlation coefficients under the null hypothesis that there is no association between specific net score values and specific BOLD effects. This null distribution can then be used to assess the probability of any particular correlation coefficient under the null hypothesis. The critical value of the correlation coefficient at any desired type I error level in the original (non-permuted) data can be determined by reference to this distribution. Statistical analysis was extended to cluster level as described by Bullmore and colleagues (Bullmore et al., 1999a) . The cluster probability under the null hypothesis was chosen to set the level of expected type I error clusters at an acceptable level (i.e. < 1 per whole brain).
RESULTS

Figure 1. Main Contrasts
A. Choice Contrast
The choice contrast of disadvantageous minus advantageous trials showed activation in left ventrolateral prefrontal A widespread network of areas was activated during advantageous compared to disadvantageous choices, including motor cortex, postcentral gyrus, cingulate and bilateral temporal cortex, striatum, pallidum, thalamus, amygdala and hippocampus. We tested the correlation of the SSQ ratio of the difference in activation of these clusters with performance, and found that a single cluster in the dorsal cingulate gyrus (BA24) survived correction in its correlation with net score (x=-11, y=4, z=42; size=54 voxels; r=0.72, p<0.001).
B. Outcome Contrast
Areas responding more to wins than losses (red-yellow palette), and to losses than wins (blue-green palette): Across the whole session (top panel), win compared to loss trials showed increased activation in caudate, right dorsolateral prefrontal, parietal and visual cortex (red palette). Conversely, loss trials showed increased activation in right insula, ACC, dmPFC and right dlPFC, pre-SMA, fusiform gyrus, thalamus and midbrain (blue palette).
The bottom two panels show group maps of the contrast between wins and losses in voxels where activity was modulated by EV. Clusters that were sensitive to positive expectancy (middle panel) and responded more to wins than losses (red palette) were located in left lateral prefrontal and dorsomedial fontal cortices, caudate, and posterior parietal and visual areas. Loss compared to win trials (blue palette) activated right anterior insula, dlPFC, precentral, and fusifom gyrus. By contrast, clusters that were sensitive to negative expectancy (bottom panel), showed increased activation during wins compared to losses (red palette) in significantly more confined visual and parietal areas, while increased activation during losses compared to wins (blue palette) was enhanced: the right insula activation observed before was more extensive and extended into the right vlPFC, while additional clusters were observed in the left insula/claustrum, ACC, dmPFC, SMA, parietal and visual cortex. Whole-brain correlation of activation with net score for the choice phase contrasts: (A) disadvantageous > advantageous choices, (B) advantageous > disadvantageous choices. Unless otherwise stated, only clusters comprising more than 10 6 voxels are presented. BA: Brodmann's area. Talairach coordinates shown for the peak of each 3D cluster. Probability:
cluster-wise correlation probability. Size: number of activated voxels per 3D cluster. Whole-brain correlation of activation with net score for (A) the outcome contrasts (win>loss and loss>win), (B) the outcome contrasts as modulated by positive EV, and (C) the outcome contrasts as modulated by negative EV. Unless otherwise stated, only clusters comprising more than 10 voxels are presented. BA: Brodmann's area. Talairach coordinates shown for the peak of each 3D cluster. Probability: cluster-wise correlation probability. Size: number of activated voxels per 3D cluster.
